INTRODUCTION
Dynamics perturbation analysis (DPA) (1-3) finds regions in a protein structure where proteins are "ticklish," i.e., where interactions cause a large change in protein dynamics. Such regions were shown to predict the locations of native binding sites in a docking test set (3) , but the more general applicability of DPA to prediction of functional sites in proteins was not shown. Here we describe the results of applying an accelerated algorithm, called Fast DPA (4) , to predict functional sites in over 50,000 SCOP domains.
METHODS
Fast DPA was performed as described in (4) on crystallographically determined protein structures consisting of a single chain or subset of a chain in SCOP (5) version 1.65. To validate DPA-predicted functional sites, we looked at two different types of annotations: a) catalytic residues in the Catalytic Site Atlas (CSA) (6); and b) protein residues close to a small molecule in the PDB. Sequence conservation of predicted sites (7) was used to filter false positives, and multiple sequence alignments (MSAs) (8) were used to assess the significance of predictions. Selected cases were the subject of deeper investigation in the literature. We also used MSAs to assess the variation in DPA predictions for similar protein structures. An example is illustrated in Fig. 1 for SCOP family C.2.1.5, where DPA residues are highlighted in black. The first three sequences are equivalent chains from PDB entry 1LDN, and the last two are equivalent chains from 1GV1. These cases illustrate that DPA results are insensitive to crystal packing differences. Predictions are similarly robust across sequences from different proteins, enabling annotation transfer. Although there is no functional site annotation for PDB entry 1GV1, a similar site in 1LDN and 1THR has an NAD bound. The annotated domains are lactate dehydrogenases while the unannotated domains are malate dehydrogenases, which also use NAD as a coenzyme. We therefore predict that the DPA site in 1GV1 is an NAD functional site. We saw similar alignments in 44 of 50 families that we have examined in this way, potentially enabling transitive annotations for 157 predicted sites. MSAs can therefore be used in combination with DPA to predict and annotate functional sites in proteins. The display was generated using Jalview (9).
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